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Abstract 
Today, massive increase in the usage of plastic products leads to environmental pollution. To worsen the situation, biodegradable 
materials alone will not satisfy some properties required by the industries. Therefore, in this research, blends of biodegradable 
polybutylene(succinate)(PBS)/thermoplastic polyurethane(TPU) polymer blend were developed, with the aim of getting a 
biodegradable material with improved properties. The idea of selecting TPU as the second component is mainly to improve the 
toughness.It is also motivated by the advantages it offers such as good abrasion resistance, good mechanical properties with 
rubber-like elasticity as well as good tear resistance.The aims of the present study are to show the effect of blend ratios on the 
mechanical and morphology properties and identify the optimum weight ratio for PBS/TPU. Effect of various weight ratios 
(30wt%, 50wt% and 70 wt%) TPU addition into PBS were studied. Tensile test were examined in order to determine the best 
weight ratio PBS/TPU blend. Scanning electron microscope (SEM) and differential scanning calorimetry (DSC) were used to 
examine compatibility and miscibility of the blends. The results from this work show that high weight ratio of PBS will influence 
high mechanical properties of the blend. PBS/TPU (70:30) have highest tensile modulus and strength compare to lower PBS 
concentration. SEM and DSC results were shown to support the tensile modulus and strength.  
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1. Introduction  
Poly(butylene succinate) (PBS) is one of the most promising biodegradable polyesters, which is chemically 
synthesized by the polycondensation of 1,4-butanediol with succinic acid as shown in Fig. 11,2. PBS exhibits many 
desirable properties including biodegradability, melt processability, as well as thermal and chemical resistance3,4. 
Consequently, it is a potential candidate various applications such as packaging film, foamed sheet, blown bottles, or 
highly expanded foam. Fujimaki compared the properties between the biodegradable PBS and the conventional 
plastic packaging materials, such as polypropylene (PP) and low-density polyethylene (LDPE)5. He reported that the 
yield strength of PBS (Bionelle#1020) was 10.3% higher than that of PP, and was 264% higher than that of LDPE. 
However, other properties such as softness, gas-barrier properties, melt viscosity for further processing, and so forth, 
are frequently insufficient for various end-use applications. Thus, PBS is often blended with other compounds, such 
as fillers and copolymers, in order to make it useful in various applications6. 
 
 
 
Fig.1. Synthesis of PBS. 
 
Thermoplastic polyurethanes are randomly segmented copolymers7 composed of hard and soft segments forming 
a two-phase microstructure (Fig. 2). Generally, phase separation occurs in most TPUs due to the intrinsic 
incompatibility between the hard segments and soft segments: the hard segments, composed of polar materials, can 
form carbonyl to amino hydrogen bonds and thus tend to cluster or aggregate into ordered hard domains, whereas the 
soft segments form amorphous domains. The presence of hard domains in segmented polyurethanes is very 
important to the mechanical properties. In segmented polyurethanes, hard domains act as physical crosslinks. Since 
hard domains also occupy significant volume and are stiffer than soft domains, they also function as effective nano-
scale fillers and render a material behavior similar to that of a composite8. 
 
 
 
 
 
 
 
 
 
 
Fig.2. Hard and soft segments of TPU. 
 
 In this research, TPU was blended into PBS. PBS which is naturally rigid is expected to increase its elongation 
properties after the blending process. Polymer blends are physical mixtures of two or more polymers with or without 
any chemical bonding between them. The objective of polymer blending is a practical one of achieving 
commercially viable products through either unique properties or lower cost than some other means might provide. 
Property of polymer blends is superior to homopolymers. When two or more polymers are mixed, the phase structure 
of the material can be either miscible or immiscible. Due to their high molar mass, the entropy of mixing of 
polymers is relatively low and consequently specific interactions are needed to obtain blends, which are miscible or 
homogenous on a molecular scale9. In the case of immiscible systems the overall physicomechanical behaviour 
depends critically on two demanding structural parameters which are; a proper interfacial tension leading to a phase 
size small enough to allow the material to be considered as macroscopically homogenous, and an interphase 
adhesion strong enough to assimilate stresses and strains without disruption of the established morphology. 
rigid segment soft rubbery segment 
x = about 40 or so 
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2. Experimental 
2.1 Materials 
 
The blend components used in the experiment were poly(butylene succinate) (PBS), Bionolle #1020, with a 
density of 13000 g/cm3 which was supplied by Showa Denko, Inc., Japan and thermoplastic polyurethane (TPU), 
Estane #58300, an aromatic ether based polyurethane with a density of 1100 g/cm3 which was supplied by Lubrizol 
Advanced Materials Inc, Canada. 
 
Table 1. Polymers physical and mechanical properties. 
 
 PBS TPU 
Density (g/cm3) 1300 1100 
MFI (g/10min) (190qC,2.16kg) 10.35 4.56 
Tm (qC) 114-118 130 
Tensile Strength at Break 
(MPa) 
55 7.6 
Tensile Yield Strength (MPa) 50 4.8 
Tensile Elongation 31% 1100 % 
 
2.2 Preparation of PBS/TPU blends 
 
Blends of PBS and TPU were compounded by melt mixing in an internal mixer (HaakePolyDrive R600, Thermo 
Electron Cooperation, Germany) with a speed of 50 rpm at 165 Ԩ for PBS/TPU blends of (30:70), (50:50) and 
(70:30).  Neat PBS was prepared at 135  Ԩ and neat TPU at 160  Ԩ using the same speed. Before compounding, 
PBS was conditioned 24 hours at 60  Ԩ while TPU was conditioned 4 hours at 104  Ԩ to remove the moisture 
existed on the pellets. The dried compounds were then molded into a 1 mm sheet on a compression molding 
machine (GT 7014-A30C, GOTECH Testing Machines Inc., Taiwan). The compounds was pre-heated at 165 °C 
forblend compounds, 135°C for neat PBS and 160 °C for neat TPU for 7 minutes, followed by compression molding 
for 3 minutes. After that, the sample was cooled through a cold pressing at 15 °C for 5 minutes under the pressure of 
1000 psi. 
 
2.2 Tensile Testing 
 
 Tensile test was carried out by using universal testing machine (Instron, 3360 Co., Ltd., USA) at room 
temperature according to ASTM D638 Type IV with a gauge length of 50 mm and gauge speed 5 mm/min. Five 
samples were tested for each compound. The reported value was the average of three replicates for each property 
test. 
 
2.3 Scanning Electron Microscopy 
 
The samples were observed under a field-emission scanning electron microscope (FESEM) (Zeiss Leo Supra 
35VP, Germany). Prior to the observations, the samples were sputter coated with a thin layer of gold to avoid 
electrical charging during examination. 
 
2.4 Differential Scanning Calorimetry 
 
The DSC analysis was carried out using Perkin-Elmer DSC-6 (USA) machine in a nitrogen atmosphere. Sample 
was heated from -100qC to 180 qC at a heating rate of 10 qC/min. The sample was then cooled from 180 qC to 0qC 
at a same heating rate. Next, second heating was performed from 0 qC to 180 qC. Degree of crystallinity was 
calculated by using the following equations: 
 N. Jamaluddin et al. /  Procedia Chemistry  19 ( 2016 )  426 – 432 429
Degree of crystallinity = 
%100f
cf
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HH
'
''
100%                                                                             (1) 
Where fH' is the enthalpy of melting, cH'  is the enthalpy of crystallization, and %100fH' is the enthalpy of 
melting for a fully crystalline polymer.  
3. Results and Discussions 
3.1 Morphology of neat PBS, neat TPU and PBS/TPU blends 
 
 Fig.3 shows SEM micrographs of cryo-fractured surfaces of neat PBS, neat TPU and PBS/TPU blends (70:30), 
(50:50) and (30:70) under 2K magnification.  
 
 
                (a)     (b) 
 
             (c)             (d) 
 
(e) 
Fig.3. SEM photographs of the: (a) neat PBS ;(b) PBS/TPU (70:30) ;(c) PBS/TPU (50:50); (d) PBS/TPU (30:70) ;(e) neat TPU. 
 
From Fig.3 (a), the surface of neat PBS was rough. It was reported by Jacob et al. that, if the blend components 
have different melt viscosities, the morphology of the resulting blend will show the finely dispersed phase of the 
component with lower viscosity. Higher viscosity will lead to coarse dispersion of phases in spherical domain. 
However in the case of blends containing higher concentrations of PBS, a reversal of the continuous phase was 
visible. Thus the PBS/TPU with higher concentration of TPU formed more continuous phase as TPU is in higher 
viscosity.  
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In Fig.3 (b), the dispersed phase of PBS particles were relatively noticeable with the mean diameter of 0.9 Pm. 
Due to increase TPU content, the particle size became smaller (Fig.3(d)); the mean diameter of 0.2 Pm. This is 
because PBS is more viscous than TPU at low shear rate. This indicates the morphology is partly a miscible blend 
system.  
 
3.2 Thermal property analysis 
The glass-transition temperature (Tg), the melting temperature (Tm), the crystallization temperature (Tc) and the 
percentage of crystallinity (%XC) of neat PBS, neat TPU and PBS/TPU blends are shown in Table 2. It is found that 
the Tg of neat PBS was -40 qC and neat TPU was -58.07 qC. The blends of PBS/TPU’s Tg occurred in between and 
only exhibit one Tg, thus the blends are impending miscible compound. The addition of TPU did not give any effect 
on the blends for crystallization temperature. This may be due of the TPU molecules seldom crystallize during the 
cooling process due to their molecular nature. In addition, impact of adding TPU increasing the percentage of 
crystallinity. As mentioned before, TPU consist of two segments which are the hard and soft domains. The hard 
domains influence the %XC as it can form carbonyl to amino hydrogen bonds with PBS. Neat TPU did not 
demonstarated any melting temperature as it is partly amorphous.  
 
 Table 2. Thermal analysis by differential scanning calorimetry. 
 
 Tg (qC) Tm(qC) Tc (qC) %XC 
Neat PBS -40.00 112.36 79.84 28.74 
PBS/TPU (70:30) -42.32 107.99 76.71 19.23 
PBS/TPU (50:50) -54.40 107.06 76.79 26.08 
PBS/TPU (30:70) -55.43 106.92 68.44 67.28 
Neat TPU -58.07 - 140.1 - 
 
3.3  Mechanical property analysis 
Fig.4 (a) shows tensile strength of neat PBS, neat TPU, and various PBS/TPU blend compositions. Among these 
compositions, neat PBS has the highest value (about 37 MPa) of tensile strength. With the increase of TPU content, 
the tensile strength was decreased slowly up to 32 % due to the poor stress transfer across the phase of each 
polymer. Same goes to the tensile modulus which shown in Fig.4 (b). Higher PBS concentrations led to higher 
modulus.The ductility of TPU are responsible for the decrement in tensile modulus. Fig.4 (c) exhibits the elongation 
at break of neat PBS, neat TPU and various PBS/TPU blend compositions. Elongation of neat TPU reached up until 
910% due to the long chain of the soft segment. Elongation increased with the increased of TPU content; which may 
attributed to the more elastic characteristic of the neat TPU matrix.  
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(b) 
 
 
           (c) 
 
Fig.4. Tensile strength (a) tensile modulus; (b) and elongation at break (c) of neat PBS, neat TPU, and various PBS/TPU 
blends compositions. 
 
4. Conclusion 
This study introduces blend of PBS/TPU that were prepared in different ratios. The blend exhibits good 
interactions and high mechanical properties. The thermal and morphology analysis shown that PBS/TPU blends are 
partially miscible. DSC analysis of blends indicated that the thermal properties of PBS did not change noticeably 
when blended with TPU. However the crystallinity of blends improved. The tensile strength and modulus increased 
with the increasing of PBS content but decrease in elongation at break. This study are analyzed to understand the 
effect of adding TPU in PBS to decrease the brittleness and increase the elongation of the blends. It was shown that 
PBS/TPU (70:30) blend was appropriate to be used in further studies as the strength did not effect much but the 
elongation increasing extremely.  
Acknowledgement 
The authors gratefully acknowledge the support of the Universiti Sains Malaysia and the Ministry of Education, 
and Long-Term Research Grant Scheme (LRGS) for granting the research fund used for this project 
(1001/PKT/675002). 
 
References 
1. Ratto, JA, Stenhouse PJ, Aurbach M, Mitchel, J, Farrell R. Processing,performance and biodegradability of a thermoplastic aliphatic 
polyester/starch system. Polymer  1999; 40: 6777-6788 
2. Okamoto M, Morita S, Kokata T. Dispersed structure and ionic conductivity of smectic clay/polymer nanocomposites. Polymer 2001; 42:2685-
2688. 
30.97
416.84 440.33
954.18
1151.64
0
500
1000
1500
Neat TPU PBS/TPU
(30:70)
PBS/TPU
(50:50)
PBS/TPU
(70:30)
Neat PBS
Te
ns
ile
 M
od
ul
us
 
(M
Pa
)
910%
657% 577.70% 557%
10.20%
0%
200%
400%
600%
800%
1000%
1200%
Neat TPU PBS/TPU
(30:70)
PBS/TPU
(50:50)
PBS/TPU
(70:30)
Neat PBS
El
on
ga
tio
n 
at
 
Br
ea
k(
%
) 
432   N. Jamaluddin et al. /  Procedia Chemistry  19 ( 2016 )  426 – 432 
3.  Someya .,Nakazato T,Teramoto N, Shibata M. Thermal and Mechanical Properties of Poly(butylene succinate) Nanocomposites with various 
organo-modifies montmorillonites. J Appl Polym Sci 2004; 91:1463-1475. 
4. Chen G, Kin E, Yoon J. Poly(butylene succinate)/twice functionalized organoclay nanocomposites: Preparation,characterization, and 
properties J Appl Polym Sci 2005; 98: 1727-1732. 
5. Fujimaki, T. Processability and properties of aliphatic polyesters, ‘BIONELLE’, synthesized by polycondensation reaction. Polym Degrad 
Stabil 1998; 59: 209-214 
6. Ray SS, Bousmina M, Okamoto K. Biodegradable polymers and their layered silicate nanocomposites: In greening the 21st century materials 
world. Prog Mater Sci 2005; 50: 962-1079. 
7.  Hepburn C. Polyurethane elastomers. London. Applied Science; 1982. 
8. Petrovic ZS, Ferguson J. Prog Polym Sc1991;16:695-836. 
9. Walsh DJ, Rostami S. Adv Polym Sci 1985;119:70. 
 
